Domain exchange between isoforms of ferredoxin-NADP+ reductase produces a functional enzyme.
Two isoforms of ferredoxin-NADP(+) reductase (FNR) exist in higher plants, the leaf (or photosynthetic) and the root (or non-photosynthetic) isoform, which have 48% amino acid sequence identity and display specific structural and functional features. With the aim to gain further insight into the structure-function relationship of this enzyme, we designed two novel chimeric flavoenzymes by swapping the structural domains between the leaf and the root isoforms. Characterization of the chimeras would allow dissection of the contribution of the individual domains to catalysis. The chimera obtained by grafting together the FAD-binding domain of the root-isoform and the NADP-binding domain of the leaf-isoform was inactive when expressed in Escherichia coli. On the other hand, the chimera assembled in the opposite way (leaf FAD-binding domain and root NADP-binding domain) was functional and was produced in the bacterial host to a level threefold higher than that of the parent enzymes. The protein was purified and found to be as stable as the natural isoforms. Limited proteolysis excluded the presence in the chimera of misfolded regions. The affinity of the chimera for ferredoxin I (Fd I) was similar to that of the leaf isoform, although interprotein electron-transfer was partially impaired. As occurs with the root isoform, the chimera bound NADP(+) with high affinity, while spectroscopic evidence suggested that the conformation adopted by the nicotinamide moiety bound to the chimera was similar to that observed in the leaf enzyme. Interestingly, the chimera, by combining favorable features from both parent isoforms, acquired a catalytic efficiency (k(cat)/K(m)), as an NADPH-dependent diaphorase, higher than those of both the root ( approximately 2-fold) and the leaf enzyme ( approximately 5-fold). Thus, molecular breeding between isozymes has improved the catalytic properties of FNR.